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A spin Hamiltonian for a pair of weakly coupled rare-earth Kramers ions
We propose a straightforward extension of the fictitious spin formalism, often used to describe the magnetic response of a Kramers doublet, to the case of two coupled Kramers ions. Within the lowest lying multiplet, defined by a total angular momentum J, the magnetic properties of a lanthanide ion can be described by the following Hamiltonian field splitting ∆ between the ground and first excited Kramers doublets, the magnetic response can be described with an effective S = 1/2 system in a magnetic field, using the following Hamiltonian
where g is an anisotropic g-tensor. ( 3) where H r (r = 1,2) are the spin Hamiltonians of each of the two isolated ions
and H 12 accounts for their mutual interactions. The zeroth-order Hamiltonian corresponds to considering both systems without mutual interaction, i.e. H 12 = 0.
The zeroth-order solutions of (3) are then given by |Ψ〉 =|Φ 1 〉⊗|Φ 2 〉, where each |Φ r 〉 is solution of H r |Φ r 〉 = E r |Φ r 〉 (r = 1, 2), and have energies E = E 1 + E 2 . If there are no accidental degeneracies, these levels have fourfold degeneracy and admit a basis given by
Interactions split the ground level and give rise to energy eigenstates that are linear combinations of the basis states. We next consider their effect by introducing a bilinear coupling between the angular momenta of ions (1) and (2) 2 12
where C is a second rank tensor. . The effective Hamiltonian is then given by
where D is a coupling tensor given by ( )
And 1 g and 2 g are, respectively, the effective g-tensors for the description of the ground Kramers doublet of ions (1) and (2). In general, D is anisotropic and S4 non-symmetric. It becomes symmetric if C is a scalar, i.e. for a Heisenberg interaction between J 1 and J 2 , and if the principal axes of 1 g and 2 g are collinear. A similar solution was derived previously for a particular case. 3 In the calculations shown in Fig. 3 of the main text, we took 
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Representation of the molecular structure of [LaY(HL) 2 (H 2 L)(NO 3 )(py)(H 2 O)] (7). Only heteroatoms are labelled. Carbon atoms are in grey. Hydrogen atoms are not shown for clarity. Figure S17 . Heat capacity of coupled qubits. Specific heat of a powder sample of [CeEr] (1) measured at four different magnetic field values, compared to the specific heats of each of the two ions and to that of its sum. S16 1, 4, 5, 6 and 7, respectively. S17 Table S2 . Selected bond distances (Å) and angles (º) of the structures of 1, 4, 5, 6 and 7.
compound 1·5py (Ln1=Er, Ln2=Ce)
